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We present a multi-tip scanning tunneling potentiometry technique that can be implemented into existing 
multi-tip scanning tunneling microscopes without installation of additional hardware. The resulting setup 
allows flexible in situ contacting of samples under UHV conditions and subsequent measurement of the sample 
topography and local electric potential with resolution down to A and pV, respectively. The performance of the 
potentiometry feedback is demonstrated by thermovoltage measurements on the Ag/Si(lll) — (v^ x v^)R30° 
surface by resolving a standing wave pattern. Subsequently, the ability to map the local transport field as 
a result of a lateral current through the sample surface is shown on Ag/Si(lll) — (\/3 x \/3)R30° and 
Si(lll) — (7 X 7) surfaces. 


I. INTRODUCTION 

In recent years, multi-tip scanning tunneling micro¬ 
scopes (STM) have become popular instruments^®. The 
most common experiments reported in literature using 
those instruments are multi-probe measurements that al¬ 
low to determine the microscopic electrical properties of 
the samples under investigation. However, such devices 
can be further extended with scanning tunneling poten¬ 
tiometry (STP) techniques which allow to map the elec¬ 
tric potential on the nanoscale with spatial and potential 
resolution of few A and pV, respect ivel}®!!. Combination 
of STP with multi-probe point measurements creates a 
powerful tool for the electrical sample characterization 
capable to give insight into fundamental transport prop¬ 
erties, such as the influence of defects on the local electric 
transport. This applies especially for surface dominated 
transport as present e.g. in topological insulators and 
allows the investigation of transport phenomena such as 
the Landauer dipol^^. Since the invention of STP by 
Murlat and PohP several different technical implemen¬ 
tations of S TP have been reported mostly in single-tip 
STM setup^^^ for which the transport field is usually 
applied to macroscopic sample contacts up to several mm 
away from each other. As a result, the current density in 
the region of measurement can be low, resulting in a bad 
signal-to-noise ratio of the measured electric potential 
distribution throughout the sample surface. To circum¬ 
vent this problem, patterning metallic contacts on the 
sample surface was reported to increase the curre nt den¬ 
sity across the structure under invest igatiorP®. How¬ 
ever, the patterning process often results in contamina¬ 
tion of the sample surface. 

In contrast, multi-tip STM setups have the advantage 
of flexible in situ contacting the sample with several elec¬ 
trodes, e.g. molecular beam epitaxy grown films and 
nanostructures without additional sample processin^^^^. 
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As a result, by variation of the spacing of the electrodes 
the current density in the surface and also through the 
bulk can be measured and controllecP^. Furthermore, 
the direction of injected current can be varied by repo¬ 
sitioning of the electrodes enabling the quantification of 
transport anisotropic^. 

Multi-tip STP implementations have been reported 
that facilitate the above mentioned advantages over 
single-tip setupJ^. However, these implementations are 
based on additional hardware such as external power 
sources and feedback electronics that need to be added 
to existing setups in order to enable potentiometry 
measurementIn contrast, we present here a software 
based multi-tip STP technique that can be readily imple¬ 
mented into existing multi-tip setups without installation 
of additional hardware. 



FIG. 1. (Color online) Schematic top view of the four-tip STP 
setup. Tips 1 and 2 are in contact to the sample surface and 
inject a lateral current represented by the colored equipoten- 
tial lines. Tip 3 is in tunneling contact and is scanned across 
the surface. The scan area is indicated as red square (largely 
exaggerated). Tip 4 is in contact to the sample surface close 
to the scanning area and serves as reference voltage probe. 
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II. EXPERIMENTAL SETUP 

We use a home-built room temperature four-tip STM 
in Besocke/Beetle-based design with electrochemically 
etched tungsten tips. Each tip has an indi vidua l ring for 
xy-motion and a tube piezo for z-motiorP^^^. Atomic 
resolution on Si(lll) — (7 x 7) is achieved with each tip. 
The STM is equipped with a scanning electron micro¬ 
scope (SEM) for precise positioning of the individual tips. 

Each of the four tips is connected to one of four in¬ 
stances of equivalent electronics which can be switched 
between current or voltage measurement, as also done in 
other four-tip STM setupJ^. Eor current measurement, 
the voltage applied at each tip can be set individually. 
Eurthermore, the sample can be either on floating or 
ground potential. In STP measurements three of the four 
tips are in current probe mode, two current injection tips 
(tip 1 and 2) and the scanning tip (tip 3). The fourth 
probe is operated in voltage probe mode and is used as a 
reference voltage probe (tip 4). This tip is optional such 
that the presented implementation is also applicable for 
three-tip STM setups. A schematic of the setup is shown 
in EIG.m 

The four biasing electronics units are connected to 
a commercial multi-tip STM controller with individual 
digital-to-analog converters (DAC) outputs to address 
the bias voltage for each tip and analog-to-digital con¬ 
verters (ADC) to read out the current or voltage at each 
tip. 


III. BIASING ELECTRONICS 

Eigure shows a schematic of the biasing electronics 
which is typical for a multi-tip setupP. The present setup 
is based on a EEMTO DLPCA-200 current amplifiei® 
and allows variable-gain current measurement or volt¬ 
age measurement. Eor current measurement the tip is 
connected to the input of the current amplifier which is 
floating on bias potential Etip- Erom the output of the 
current amplifier, the bias voltage is subtracted before 
the signal is fed to the output /out- For voltage mea¬ 
surement the tip is connected to a high input impedance 
(10 Tfl) voltage follower with its output connected to the 
Vout output of the electronics. 

In high resolution STP measurements, the control of 
Vtip of the scanning tip in the range of pV is required. 
This can be achieved by a voltage divider (e.g. 1 : 100) 
which is applied just in front of the 4tip input of the 
scanning tip biasing electronics. This decreases the dy¬ 
namic range of the voltage which can be applied to this 
tip accordingly. Not to be limited by this, the topogra¬ 
phy tip-sample tunneling bias voltage is applied to the 
sample rather than the tip as described below. 



FIG. 2. (Color online) Schematic of the biasing electronics 
for each tip. In the upper part the voltage measurement is 
performed by a voltage follower circuit. In the lower part the 
current measurement schematic is shown. The bias voltage 
Vtip is applied via the differential input in front of which the 
optional voltage divider for the scanning tip is located. 

Start 



FIG. 3. (Color online) Potentiometry measurement flow 
chart. Highlighted by the dotted rectangle is the additional 
procedure needed to acquire the sample potential in compar¬ 
ison to conventional STM. 


IV. SOFTWARE IMPLEMENTATION 

The multi-tip STP implementation presented here is 
based on the interrupted feedback loop single-tip STP 
implementation reported in ref. |6l In this technique 
the surface is scanned point-by-point as in regular STM 
measurements. However, at each scanning point after 
the topography value z{x^ y) is acquired, the tip is held 
at constant height and the bias voltage between scanning 
tip and sample is shifted. Now the potentiometry feed- 
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FIG. 4. (Color online) Schematic of the potentiometry mea¬ 
surement. Tips 1 and 2 are in contact to the sample inject¬ 
ing a current. Tip 3 is in tunneling contact and is scanned 
across the sample surface. The dashed vertical lines indicate 
the position of the tips, respectively. In the line graph the 
tip-sample voltage Vts is plotted as a function of the lateral 
coordinate x. During topography feedback, the solid green 
line holds. For potentiometry feedback Vts is shifted by ITffset 
resulting in the dashed blue line. Moving the scanning tip by 
an amount 3x results in a change of the potential under the 
tip by 5V. Note: The movement of the scanning tip is largely 
exaggerated in this graph. 

back is run for a time tpot ~ 1 — 50 ms. The final value of 
the potentiometry feedback is saved as the sample poten¬ 
tial at the momentary position of the scan V\QXevai{x^ y). 
After restoring the topography bias voltage, the topog¬ 
raphy feedback is re-enabled and the scan is continued 
by moving to the next scan positiorP^. The flow chart of 
the measurement procedure is shown in FIG. In this 
way topography and potentiometry signal are acquired 
point-by-point across the sample surface. Depending on 
the feedback time tpot and the number of scan points a 
whole scan takes up to several hours. 

The potentiometry feedback is a Pl-feedback algorithm 
just like the one used for the topography feedback. How¬ 
ever, it adjusts the tip voltage as control variable instead 
of the tip height (in topography feedback) and the pro¬ 
cess variable set point (i.e. the tunneling current) is set to 
It = 0 nA during the potentiometry feedback. The cor¬ 
responding feedback constants determine the bandwidth 
of the potentiometry feedback and have to be adjusted 
for each measurement. 


V. MEASUREMENT PROCEDURE 

In order to perform a potentiometry measurement, first 
the sample (connected to ground) needs to be contacted 
by the two current injecting tips (tip 1 and 2). After 
coarse approaching all four tips to the sample surface, 
the current injecting tips are brought into contact to the 
surface under tunneling conditions of e.g. Vtip = 1 V; 


It = 10 pA. One after the other, the current injection 
tips are advanced further by a few nm with disabled to¬ 
pography feedback until a stable current (^1% variation 
per minute) of up to several pA is measured between that 
tip and the sample. Typically, there is a sharp increase of 
the current as the tips come into contact to the surface 
after which the tips should not be advanced further to 
prevent damage to the tips or the sample surface. How¬ 
ever, if at this point the resulting current is unstable, 
advancing the tips a bit further can help to stabilize the 
contact. 

Next, the optional reference voltage probe (tip 4) is 
brought into contact to the sample surface in the same 
way (in current measurement mode). When a stable con¬ 
tact is achieved, the electronics of this tip is switched to 
voltage measurement. This tip serves to measure the ref¬ 
erence voltage which can be used during the measurement 
preparations as described below but also to compensate 
small fluctuations in the current injecting contacts during 
measurement^^ Changes of the contact resistance in the 
current injecting contacts result in a change of the sam¬ 
ple potential at the point of current injection. This will 
directly influence the measured potential at the position 
of the scanning tip and can be compensated by subtract¬ 
ing the potential of a static reference voltage probe from 
the measured potential of the scanning tip. 

Now the sample backside contact is disconnected such 
that the electric potential of the sample depends only on 
the potential of the two current injecting tips. 

To approach the scanning tip (tip 3), the voltage of 
both injection tips is set to 0 V while that of the scan¬ 
ning tip is set to e.g. Vtip = 1 V. Then the tip is ap¬ 
proached to the sample surface until it is in tunneling 
contact (It ^ 10 pA). Subsequently, a topography scan 
should be performed to check if the scan area is suitable 
for potentiometry measurements. 

To apply a transport field, first the scanning tip (tip 
3) is retracted and its voltage is set to htip = 0 V. Now 
the voltage of the injection tips is set such that a lat¬ 
eral current A > 1 pA results in a potential distribu¬ 
tion Hiaterai (^5 over the sample surface. Subsequently, 
V\atera\{x^ y) Is shifted until the sample potential under 
the scanning tip is approximately 0 V. This can be done 
using the information of the voltage probe. In order to 
adapt lateral (^5 v) ^t the position below the scanning tip, 
the voltage of both current injecting tips is shifted identi¬ 
cally, maintaining the injected currenfP^. Next, the bias 
voltage for the topography measurement Wffset is added 
to the voltage of the current injecting tips. For high reso¬ 
lution measurements the voltage divider is now applied to 
Ftip of the scanning tip. Following the described prepara¬ 
tions, the tunneling contact of tip 3 is re-engaged and the 
STP scan can be started. Figure shows a schematic of 
the potentiometry measurement setup with the voltages 
applied to the tip and sample indicated, respectively. 

In STP, the voltage difference between the scanning 
tip and sample Vts{x,y) usually referred to as bias volt¬ 
age at the scan position (x, y) is the superposition of 
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the lateral transport field, the offset voltage and the mo¬ 
mentary voltage applied to the tip during topography 
feedback Vts{x,y) = lateral+ Kffset - Vtip (solid 
green line in FIG. [^. When starting the STP scan, 
after acquiring the topography at the momentary scan 
position, the topography feedback is deactivated and 
the injection tip voltages are shifted by —Vof^set leav¬ 
ing only VLaterai (^5 applied to the sample resulting 
in Vts{x,y) = idateraK^, “ "^tip (dashcd blue line in 
FIG.[^. Subsequently, the potentiometry feedback loop 
is activated and adjusts Vnp to the local sample poten¬ 
tial under the tip Vtip = idaterai (^5 ^)- After the feedback 
time tpot, the potentiometry feedback is deactivated. Vap 
is recorded as the sample potential at this scan position 
and is maintained until the next activation of the poten¬ 
tiometry feedback loop. After restoring the topography 
bias voltage Vts{x,y) = Materai(a;, y) + Vffset - "^tip, the 
topography feedback is re-activated and the tip is moved 
to the next scan position. 

Note that, for neighboring scan positions {x x-\-Sx)^ 
the local sample potential varies by an amount of SV 
during the topography feedback. In detail, during the 
topography feedback it holds Vts{x-\-Sx, y) = + 

However, in usual measurements 5V ^ ^offset such that 
the change in Vts for neighboring scan positions can be 
neglectecP. 

For the potentiometry feedback to work in an optimal 
way it is recommended that the tunneling I — V curve of 
the scanning tip is linear, such that a change in the con¬ 
trol variable (tunneling voltage) will have a linear effect 
on the process variable (tunneling currentFurther¬ 
more, due to the fundamental noise limit of the poten¬ 
tial measurement which is the sum of thermal (Johnson) 
noise and the amplifier noise the limit of the potentiom¬ 
etry resolution is^ 


bLimit Y b^ohnson ^^etector (^) 

with 

Klohnson = V^kBTAfVt,/It (2) 

and 

bDetector ~ Aj^etector \/A^Vts/Jt • (3) 

Here Aoetector = 4 fA/V^Hz is the noise level of the cur¬ 
rent amplifieilb^. Low tunneling voltages and high tun¬ 
neling current setpoint depending on the bandwidth A/ 
of the setup are necessary for low noise potentiometry 
measuremenfP^. For transport measurements with sev¬ 
eral mV of voltage drop across the scan area, we deter¬ 
mine A/ < 50 Hz as the feedback loop speed for which 
a good signal-to-noise ratio is achieved while a relatively 
high scanning speed is maintained. For this bandwidth, 
the noise limit for three different tunneling resistances is 
given in TABLE |Ij 


Vts/It 

bLimit 

10 on 

< 300 pV 

1 GQ 

< 40 pV 

100 MSI 

< 10 pV 


TABLE 1. Noise limit for transport measurements in the 
present setup at three different tunneling junction resistances 
and a bandwidth of A/ < 50 Hz. 


VI. RESULTS 

A. Thermovoltage on Ag/Si(lll) — (a/3 x a/3)R30° 

The Ag/Si(lll) — (\/3 x \/3)R30° reconstruction 
is a well-studied sample system when it comes to 
scanning tunneling microscopy, spectroscopy and also 
potentiometr}!^. Therefore, this system can be used as 
a benchmark system to test the performance of the pre¬ 
sented STP implementation. Eor the preparation of the 
Ag/Si(lll) — {Vs X v/3)R30° surface, n-Si(lll) 700 b^cm 
wafers were flash annealed and an equivalent amount of 
10 nm of Ag was deposited at 470° G following the pro¬ 
cedure outlined in ref. ID The surface of the prepared 
sample is known to have a high 2D conductivity while 
the bulk of the sample is almost insulating compared to 
the surfacd^. 

As a first test, the performance of the potentiometry 
feedback is demonstrated by measurement of thermoelec¬ 
tric effects. The thermovoltage between the scanning 
tip and the sample surface is usually undesired in trans¬ 
port measurements and the identification and reduction 
of these effects gives a good first insight in the investi¬ 
gated sample system and hinder unwanted effects in later 
transport measurements. 

To measure the thermovoltage, a potentiometry scan is 
performed during which the sample is on ground poten¬ 
tial and no transport field i.e. lateral current is applied. 
The result of such a scan is shown in EIG. (a) and 
(b) as topography and potential map, respectively. In 
the topography, we observe a one atomic layer high is¬ 
land and domain boundaries between different domains 
of the Ag/Si(lll) — {VS x \/3)R30° reconstruction on the 
otherwise flat surface. The corresponding potential map 
shows an increased potentiometry signal located at the 
step edges of the island and the domain boundaries, in 
agreement with the literatur^. 

The minimum resolution of the potentiometry is de¬ 
termined as the standard deviation of the measured po¬ 
tential of a featureless surface area ^quare in EIG. 
(b) and respective histogram in EIG.|^(e)), in this case 
cr = 4.7 pV. Note that for this measurement a low band¬ 
width of A/ = 2 Hz was used resulting in a fundamental 
noise limit to bi,imit(2 Hz) = 1.9 pV. In a next step, to 
verify the observation of the thermovoltage features the 
tip was heated by a laser (A = 532 nm, P = 20 mW) and 
the measurement was repeated. A strong increase in the 
potentiometry signal by a factor of around 10 is observed. 
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FIG. 5. (Color online) Thermovoltage measurements on 
Ag/Si(lll) — (a/3 X a/ 3)R30°. (a) Topography of an island on 
the Ag/Si(lll) — (\^ X \/3)R30° surface at Kffset = 10 mV 
and It — 0.1 nA with a domain boundary indicated by the 
green arrow, (b) The corresponding potential map shows an 
enhanced potentiometry signal at the edges of the islands 
and domain boundaries. The potentiometry feedback time 
is 20 ms at a bandwidth of A/ = 2 Hz. (c) Topography of 
an island with the scanning tip under laser irradiation, (d) 
Corresponding potential map of (c). The amplitude of the 
potentiometry signal is increased by a factor of around 10 
compared to (b). (e) Potential distribution of a featureless 
surface area (black square in (b)). The standard deviation is 
cr = 4.7 pV. (f) Section along the black line in the inset that 
corresponds to the black rectangle in (d). A standing wave 
pattern with a periodicity of 4.29(14) nm is observed. The 
section is averaged over 3 lines. 


confirming its nature to be due to thermoelectric effects 
as seen in the topography and potential map in FIG. 1^ 

(c) and (d), respectively^. In the potential map (FIG.^ 

(d) ) oscillations in the sample potential can be observed. 


These oscillations appear pronounced in FIG. (f) and 
can be identified as a standing wave pattern which can 
be explained by thermoelectric effect^. 

When two materials are in tunneling contact, the ther¬ 
movoltage present at the tunneling junction is propor¬ 
tional to the difference of the squared temperatures of 
the two material^^. The leading term of the local ther¬ 
movoltage is given by 




Ps{x,y,E) 


dps{x,y,E) 

dE 


E=Ep 


where Tt and Tg are the temperature of the tip and sam¬ 
ple, respectively. The observed standing wave pattern 
result from modulations of the local density of states in 
the sample ps{x,y) and were below the resolution of the 
setup without laser heating of the tipP. The resolution 
of a standing wave pattern confirms the proper function 
of the potentiometry feedback. 


VII. DETERMINATION OF STEP AND TERRACE 
RESISTIVITY 

A. Ag/Si(lll) - (\/3 X ^/3)R30° 

To perform transport measurements a lateral current 
is applied through the sample surface. A peculiarity 
of the Ag/Si(lll) — (\/3 x \/3)R30° surface prepared 
as described above are the 3D bulk Ag islands visible 
in the SEM images (FIG. § (a) 12 . The bulk Ag is¬ 
land thickness is much larger than that of the actual 
Ag/Si(lll) — (\/3 X \/3)R30° reconstruction and can be 
easily contacted allowing a stable injection of a lateral 
current. As a result, for this measurement the optional 
voltage reference probe is not used. To contact the is¬ 
lands the current injecting tips are approached into tun¬ 
neling contact and then advanced by few tens of nm with 
the tunneling feedback deactivated pressing the tips into 
the islands. Subsequently, the scanning tip is approached 
to the sample surface as described above and a poten¬ 
tiometry scan is performed. The results of the STP mea¬ 
surements for two opposing directions of the injected cur¬ 
rent are shown in FIG. §(b-e). 

The topography of the Ag/Si(lll) — (\/3 x a/3)R30° 
surface (FIG.[^(b)) is dominated by approximately par¬ 
allel monoatomic substrate steps {h ^ 3.1 A) with an 
average terrace width of 170 nm. One atomic layer high 
islands are observed on the terraces. The cross sections 
in FIG. 1^ (e) shows large voltage drops at positions of 
steps in the topography. Across the terraces an almost 
linear voltage gradient can be observed with no direct in¬ 
fluence of the ad-islands on the voltage drop. A detailed 
analysis shows that domain boundaries between different 
domains of the (a/3 x a/3)R30° reconstruction provide 
the largest contribution to the voltage drop across the 
terraces besides the gradient resulting from the undis¬ 
turbed surface. This observation is in agreement with 
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FIG. 6. (Color online) Transport measurements on Ag/Si(lll) — (a/3 x a/3)R30°. (a) SEM image of the measurement setup 
with tip 1 and 2 contacting two 3D Ag islands on the sample surface and tip 3 scanning in between. The distance between the 
two contacted islands is d = 30(1) pm. (b) Topography of the Ag/Si(lll) — (\/3 x \/3)R30° surface. Parallel steps with islands 
on the terraces can be observed, (c) and (d) Corresponding potential maps for two opposite current directions. The current 
densities are j = 2.10(8) A/m and j = —2.07(8) A/m, respectively. Large voltage drops at the step edges can be observed 
while there is only a small voltage gradient across the terraces. The one atomic layer high islands show no direct effect on 
the surrounding potential landscape, (e) The line profiles indicated in (b)-(d) are each averaged over 3 lines. The average 
voltage drop at the steps is determined to be AEstep = 1.08(3) mV. The average slope on the terraces is E = 0.67(8)mV/pm. 
Tunneling conditions ITffset = 500 mV and It — 0.5 nA. The STP scans each took 4.5 h to perform. 


literatur^. For reverse current directions we observe an 
inverted voltage drop indicating a symmetric current re¬ 
sponse. 

The given sample topography of a parallel step array 
allows a direct evaluation of the step resistivity and ter¬ 
race resistivity which was not the case in previous STP 
studies of the Ag/Si(lll) — (a/3 x a/ 3)R30° systenJ^. 

From the potential cross sections (averaged over 3 
lines) the average voltage drop located at the topographic 


steps is determined to be AV^tep = 1.08(3) mV. The 
current density at the position of the scanning tip is 
j = ^ = 2.10(8) A/m which is determined from the 
measurement geometry where d = 30(1) pm is the dis¬ 
tance of the injection ti^ and / the absolute current 
injected into the sample^. From this, the step resis¬ 
tivity can be determined to be pstep = Al/tep/j = 
514(23) pllm. The voltage drop across the terraces is 
determined from the residual resistance after subtracting 
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the sum of the step resistances from the total resistance 
and gives E = 0.67(8) mV/pm corresponding to a resis¬ 
tance of pterrace = E/j = 319(39) Q/\3. Thcsc valucs are 
in agreement with previous values from the literatur^®. 
For the present sample, the steps contribute 91% of the 
voltage drop across the Ag/Si(lll) — (v^x v^)R30° sur¬ 
face while the terraces contribute only to 9%. 


B. Si(lll) - (7 X 7) 

The Si(lll) - (7 X 7) reconstruction is frequently re¬ 
ported in literature since the beginning of STM studies 
but is still subject of current invest igation^^^^. Up to 
now there are no STP transport studies on this surface 
reported in literature. For the measurements, we have 
used the same n-Si(lll) 700 Ucm substrates as above. 
The two current injecting tips were brought carefully into 
direct contact with the freshly prepared Si (111) — (7x7) 
reconstructed surface (flash annealed to 1230°C) in order 
to keep the Si (111) — (7x7) terminated surface as intact 
as possible. As a result, the reference voltage probe is 
again not necessary. 

In contrast to the Ag/Si(lll) — {VS x v/3)R30° the 
Si(lll) — (7 X 7) reconstruction on n-Si(lll) 700 Ucm 
cannot be regarded as a purely 2D conducting material: 
The bulk and space charge layer of the underlying sub¬ 
strate can have a significant contribution to the measured 
conductivit}®. In order to achieve accurate results us¬ 
ing STP, a detailed analysis of the conduction through 
the surface and bulk is mandatory. Such an analysis can 
be performed by variable distance four-probe measure¬ 
ments as shown recentl}^^. A combined analysis of the 
sample (four-probe measurements + STP) can be per¬ 
formed with the setup presented. For a current injection 
tip distance of d = 65(1) pm, at the position of the scan¬ 
ning tip an amount of 69(6)% of the lateral current is 
transmitted by the surface conductivity associated with 
the (7 X 7) reconstructed sample surfac^^. The result¬ 
ing current density at the position of the scanning tip is 
isurf = ^ • 0.69(6) = 0.056(4) A/m. 

Next, the step and terrace conductivities can be de¬ 
termined as before for the Ag/Si(lll) — (v^ x v/3)R30° 
sample. The corresponding measurements are shown in 
FIG.[^ In the case of Si(lll) — (7 X 7) we observe a vari¬ 
ation of the voltage drop at different steps. We attribute 
this to variations in the shapes and sizes of the terraces 
and also domain boundaries which results in changes of 
the current flow paths. The average voltage drop at the 
steps is determined to be AV^tep = 5.67(1.72) mV and 
across the terraces E = 8.33(45) mV/pm. The result¬ 
ing resistivity is Pstep = 0.101(32) Urn and pterrace = 
149(14) -10^ U/D, respectively while the average step dis¬ 
tance in the measurement is 130 nm. Thes e resu lts are in 
agreement with previously reported result^^^^. For this 
surface the steps contribute 82% of the measured surface 
resistance while the terraces contribute 18%. 




FIG. 7. (Color online) Transport measurements on Si(lll) — 
(7x7). (a) Topography of the surface showing parallel steps 
with an average terraces width of 130 nm. (b) Corresponding 
potential image. A sharp voltage drop is observed at the step 
edges and a small voltage drop across the terraces, (c) Line 
profiles indicated in (a) and (b). The average voltage drop at 
the steps is AUstep = 5.67(1.72) mV. The average slope of the 
terraces is F = 8.33(45) mV/pm. The inset shows the SEM 
image of the tip setup on the Si (111) — (7 x 7) surface. The 
distance between the current injecting tips 1 and 2 is 65 pm. 
Tunneling conditions are Uoffset = 100 mV and It = 0.01 nA. 


VIII. SUMMARY 

We present a multi-tip scanning tunneling potentiom- 
etry realization which can be implemented into present 
multi-tip scanning tunneling microscopes without hard¬ 
ware changes. The resulting setup allows in situ con¬ 
tacting and STP measurements with flexible positioning 
of two current injecting electrodes such that the current 











density in the sample surface and the current direction 
with respect to the sample under investigation can be 
controlled with no need of contact patterning. 

To map the local potential of the sample on the 
nanoscale, a third tip is scanning the sample surface be¬ 
tween the current injecting electrodes by an interrupted 
feedback technique, recording the local topography and 
electric potential. A fourth tip is optional and can be 
used as a reference voltage probe. 

Thermovoltage measurements on the Ag/Si(lll) — 
{Vs X v^)R30° surface demonstrate the performance of 
the potentiometry feedback by resolving a standing wave 
pattern. The resolution of the presented setup is deter¬ 
mined to be cr = 4.7 pV. 

The ability to map the local transport field is shown 
on Ag/Si(lll) — (v^ X v^)R30° where sharp voltage 
drops located at step edges and symmetrical potential 
characteristics are observed for reverse current directions. 
From the investigated sample geometry of a 2D conductor 
with a parallel step array, conductivities of the terraces 
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